Application of Bio P60 and Bio T10 alone or in combination in suppressing stem rot of pakcoy and on pakcoy growth has been demonstrated. The research was carried out at the Plant Protection Laboratory and Screen House, Faculty of Agriculture, Jenderal Soedirman University. A split-plot design was used with application time (before and after inoculation of Sclerotium rolfsii) as main plot and Bio P60, Bio T10, and Bio P60 + Bio T10) as sub-plot. Observed variables were incubation period, disease intensity, crop height, number of leaves, and crop fresh weight. Results of the research showed that single and combined application of Bio T10 and Bio P60 did not differ in the suppression of stem-end rot in pakcoy. The combination of Bio T10 + Bio P60 was able to control the disease by delaying the incubation period and suppressing the disease intensity respectively by 37.48-39.16% and 54.77-6191% compared to controls. Combined Bio T10 + Bio P60 was able to improve plant height, number of leaves, and fresh weight of plants as 29.99-46.62, 24.39-35.07, and 71,17%, respectively, compared to controls. The results of this study suggest that the raw secondary metabolites of Bio P60 and Bio T10 either alone or in combination could be applied for the prevention or treatment of the diseases in pakcoy.
INTRODUCTION
Pakcoy is one type of leafy vegetable used by people as food, both fresh and processed, and contains complete nutrition (Chu and Seltzer, 2010; Di Noia, 2014) . Based on the data from Central Bureau of Statistics and Directorate General of Horticulture (2015) , Pakcoy crop production decreased by around 5.23%, from 635,728 tons/year in 2013 to 602,468 tons/year in 2014 with a decrease of 1.89% in productivity Pakcoy cultivation suffers from many disorders, one of which comes from biotic factors, in the form of pathogenic fungal attacks that cause huge crop losses . One of the pathogenic fungi that can cause stem rot is Sclerotium rolfsii Sacc. (Nahar et al., 2013; Akhtar et al., 2017) . Rakholiya (2010) reports that S. rolfsii is a soil-borne pathogen that is difficult to control because it can live for years in the soil in the form of sclerotium and has extensive host range. Sclerotium rolfsii is a facultative parasitic fungus that grows and survives saprophytes in the soil. According to Noble (2011) and Zachow et al. (2011) , this fungus attack is more severe in sandy soils because the S. rolfsii fungus requires aerobic oxygen (O2), and in soil conditions with low nitrogen content and high temperatures. Therefore, another alternative is needed to control the stem rot disease such as using fungicides (Bhuiyan et al., 2012; El-Mohamedy et al., 2014) , organic amendments (Hadar, 2011; Lahre et al., 2012; Paramasivan et al., 2013) , soil solarization (Raj and Sharma, 2009; Lee et al., 2016) , botanical pesticides (Amin et al., 29013) , rhizobacteria (Hapsah, 2019) , and bio-agents (Rakh et al., 2011; Lahre et al., 2012) . Each method has its advantages and disadvantages.
The agents used in this research were Bio P60 and Bio T10. Bio P60 is a liquid formula containing raw secondary metabolites from Pseudomonas fluorescens P60 (Soesanto et al., 2013) . P. fluorescens, apart from being an antagonistic bacterium, affects plant resistance and can increase plant growth. This is because P. fluorescens as plant growth-promoting rhizobacteria (PGPR) can produce plant hormones, including indole acetic acid (IAA) (Ardebili et al., 2011) . Meanwhile, Bio T10 active ingredient is raw secondary metabolites from Trichoderma harzianum T10 (Soesanto et al., 2019) . Tran (2010) stated that Trichoderma sp. plays a crucial role in controlling plant fungal pathogens, especially soil-borne pathogens.
The purpose of this research was to determine the ability of single and combined Bio P60 and Bio T10 to control stem-end rot and the growth of pakcoy.
MATERIALS AND METHODS

Preparation of the fungal pathogen
Sclerotium rolfsii was isolated from diseased legume stem from the field by tissue segment method and was multiplied by inoculating PDA and WA in a 9 cm diameter glass petri dish. The stem sections had been sterilized by using NaOCl (Songvilay et al., 2012; Kumar et al., 2014a) .
Preparation of pakcoy seeds
Pakcoy seeds were soaked according to treatment in 5 mL/L of Bio P60 and 10 mL/L of Bio T10 single or combined, and Some seeds were also soaked in sterile water for control. Seeds were soaked for more than one hour then they were grown on a mixed seedling soil and manure medium(1:1). Seeds were sown for 3-6 days until the seeds germinate (around seven days).
Cultivation
Pakcoy seedlings were then transferred to the planting medium that has been inoculated with sclerotia in the polybag. In the third week, the plants were sprayed with Bio P60, Bio T10, and combined Bio T10 + Bio P60 in the amount of 1000 mL each. Observations were made after the plants reached the age of 2-3 weeks after transplanting. A split-plot design was used with the main plot of application time (before and after inoculation of S. rolfsii) and the subplot consisted of three secondary metabolites treatments (Bio P60, Bio T10, and a combination of Bio T10 + Bio P60) and were repeated four times. Pakcoy plant maintenance conducted including manual weeding and watering.
Variables observed
The observed variables were incubation period, disease intensity, crop height, leaves a number, and crop fresh weight. Disease intensity was measured using the formula of DI = [∑(n × v)/Z × N] × 100%, where DI = percentage of disease intensity, n = the value (score) of crop damage is based on the leaf area of all affected plants, v = the number of plants that have the same value v (crop damage), Z = highest score (v = 5), and N = number of plants observed. According to Kator et al. (2015) , disease assessment key was 0 -5 where 0 = no infection, 1 = 1-20% of plant tissue damage, 2 = 21 -40% of plant tissue damage, 3 = 41 -60% of plant tissue damage, 4 = 61 -80% of plant tissue damage, 5 = 81 -100% of plant tissue damage.
Statistical Data Analysis
Data were analyzed by F-test at an error rate of 5%. If there are significant differences, then further tests are carried out by DMRT (≤ 0.05).
RESULTS AND DISCUSSIONS
The effect of the treatments on main plot
The statistical analysis results of the observed variables are presented in Table 1 . The results of the analysis showed that there was no significant effect between the time of pathogen inoculation to the incubation period, disease intensity, crop height, number of leaves, and crop fresh weight. Before and after inoculation of pathogenic fungi had a similar effect in appearing the disease symptom and resulting in the disease intensity. This is in line with Junsopa et al. (2016) that the difference inoculation method of S. rolfsii was not significant in disease incidence. The application time of inoculation did not differ pakcoy growth in crop height, number of leaves, and fresh weight of the crop. This is presumably because pathogenic fungi cannot interfere with water and nutrient transport in pakcoy which affects photosynthesis and S. rolfsii, which can be less virulent to attack pakcoy plants.
According to Thiessen and Woodward (2012) , the development of a disease is supported by three factors, namely vulnerable hosts, virulent pathogens, and a supportive environment. Pathogens in their development are influenced by several abiotic factors, namely temperature, humidity, oxygen, degree of acidity (pH), and light. According to Chaurasia et al. (2013) , the process of infection of a pathogen and the development of a disease are greatly influenced by many factors such as temperature, humidity, light intensity, concentration of inoculum and isolates of the pathogen, individual, age, and variety of plants, as well as other genetic factors.
The effect of the treatments on sub-plot
DMRT results on the influence of sub-plot on the observed variables are presented in Table 2 . 
Incubation period
Based on the results, the secondary metabolite treatments had a significant effect on the incubation period and disease intensity ( Table 2 ). The raw secondary metabolites either from P. fluorescens P60 (Bio P60) or T. harzianum T10 (Bio T10) alone or in combination gave similar effect on lengthening incubation period in between 37.48 and 39.16% compared to control. This was in line with decreasing the disease intensity. This is because the raw secondary metabolites can suppress the disease. This is presumably that the raw secondary metabolites could suppress pathogen development because of their substance content. The raw secondary metabolites of P. fluorescens P60 and T. harzianum T10 could enter the crop and influence crop resistance. The raw secondary metabolites of P. fluorescens P60 contained several substances such as chitinase, protease, and antibiotic. Neidig et al. (2011) and Shahid et al. (2016) suggested that many strains of P. fluorescens produce secondary metabolites, such as 2,4-diacetylphloroglucinol (DAPG), phenazines and hydrogen cyanide, thereby inhibiting soil-borne pathogens. Besides that, Bansal and Mukherjee (2016) stated that Trichoderma spp.are the rich source of secondary metabolites with a variety of biological activities. According to Li et al. (2019) , the secondary metabolites per Trichoderma species elaborate on approximately 390 non-volatile compounds from 20 known species and various unidentified species.
Disease intensity
The results of the analysis showed that secondary metabolites were able to suppress the intensity of the disease by 54.77 and 59.55% compared to control (Table  2) . This is presumably because both Bio P60 and Bio T10 contain raw secondary metabolites of P. fluorescens P60 and T. harzianum T10, respectively. The raw secondary metabolites consisted of substances that could inhibit pathogen growth and suppress disease development.
P. fluorescens has the ability to form siderophore but not all are toxic to plant pathogens (Luján et al., 2015; Trapet et al., 2016) . This causes P. fluorescens to suppress the intensity of the disease. The main mechanism of P. fluorescens biocontrol is producing antibiotics such as 2,4-diacetyl phloroglucinol (PHL), pyoluteorin (PLT), pyrrolnitrin and phenazine 1-carboxylate (Shahid et al., 2016) . Meanwhile, the biocontrol mechanism of Trichoderma species is a complex process mediated by the secretion of extracellular enzymes, such as chitinases, β-glucanases, and proteinases, as well as secondary metabolites (Kumar et al., 2014b) . Integrated treatment comprising of soil application of combined biocontrol agents was found very effective in reducing the plant mortality, promoting the plant growth, and increasing the yield (Jambhulkar et al., 2018; Kabdwal et al., 2019) .
Crop height
The analysis showed that the raw secondary metabolites alone or in combination were able to increase crop height between 37.48% and 39.18% compared to control (Table  3) . This is presumably because both Bio P60 and Bio T10 contain raw secondary metabolites of P. fluorescens P60 and T. harzianum T10, respectively, that consisted of growth hormones that affect crop growth. P. fluorescens is known as Plant Growth Promoting Rhizobacteria (PGPR) (Soesanto et al., 2010; Dorjey et al., 2017) . Besides, according to Latifah et al. (2011) , Trichoderma sp. has a PGPF mechanism to plant growth. Raw secondary metabolites of Trichoderma sp. (Reino et al. 2008; Vinale et al. 2008) and P. fluorescens (Heydari and Pessarakli, 2010; Soesanto et al., 2013) may have a role in both plant growth regulation and activation of plant defense responses. 
Number of leaves
The raw secondary metabolites alone or in combination could also increase the number of pakcoy leaves between 26.48 and 32.45% compared to control (Table 3) . Raw secondary metabolites alone or in combination can also increase the number of pakcoy leaves between 26.48 and 32.45% compared to controls (Table 3 ). This proves that the disease can be suppressed by applying Bio P60 and Bio T10 either individually or in combination. P. fluorescens suppress fungal pathogen (Luján et al., 2015) and Trichoderma sp. could also control the soil-borne pathogen (Vinale et al., 2008) . On the other hand, P. fluorescens and Trihoderma spp. could produce growth hormones (Heydari and Pessarakli, 2010; Dorjey et al., 2017) . The crop could grow better resulted in the fungal pathogen control and growth regulators.
Crop fresh weight
The results of the analysis showed that secondary metabolites were able to increase the pakcoy fresh weight in between 39.36 and 45.051% compared to control (Table 3) . This was in line with increasing drop height and number of leaves. This is because the raw secondary metabolites of P. fluorescens and Trichoderma sp can increase growth and yield and to inhibit the growth of pathogens, so pathogens require more time to infect plants.
In accordance with the opinion of Dorjey et al. (2017) , P. fluorescens can produce 2,4-diacylfloroglusinol antibiotics, which have antibacterial properties and can activate the host plant's defense system. Heydari and Pessarakli (2010) and Kumar et al. (2014b) state that Trichoderma spp. have a role in both plant growth regulation and activation of plant defense responses.
The effect of application time and the treatmentinteraction
DMRT results on the effect of application time and the raw secondary metabolites combination on the incubation period and disease intensity are presented in Table 4 . 
Incubation period
The interaction treatments alone or in combination could lengthen incubation period, and the combination gave a better result. Application of the combined treatment was not affected by pathogen attack indicated by lengthening incubation period between 36.40% and 36.88%. The combined treatment gave better results than a single treatment (Table 4 ). According to Chandrashekara et al. (2012) , the degree of virulence plays a role in causing wilting symptoms rather than population density, while the virulence mechanism is closely related to several factors, such as host range, geographic distribution, physiological characteristics, and its adaptability to environmental temperature. The combined biocontrol agents were found very effective in reducing plant mortality (Kabdwal et al., 2019) .
Disease intensity
Decreasing the disease intensity was influenced by application the raw secondary metabolites alone or in combination (Table 4 ). The raw secondary metabolites of P. fluorescens P60 (Bio P60) and T. harzianum T10 (Bio T10) either alone or in combination, could decrease the disease intensity between 49.16 and 61.91% compared to control. This was in line with the lengthening incubation period (Table 4 ). This is presumably that because the pathogenic fungi could not grow and develop well in soil, the disease intensity in pakcoy decreased. The raw secondary metabolites could inhibit the pathogen growth and induce resistance in pakcoy (Reino et al., 2008; Vinale et al., 2008; Heydari and Pessarakli, 2010; Soesanto et al., 2013) .
Crop height
Based on Table 5 , the interaction of application time and the raw secondary metabolites alone or in combination differed significantly in crop height, number of leaves, and crop fresh weight compared to control. Increasing pakcoy height was affected by the application of Bio P60 and Bio T10 either before or after the pathogen attack in between 29.99 and 46.62% compared to control (Table 5) . Bio P60 and Bio T10 contain raw secondary metabolites that consisted of several substances such as growth hormones.
Bio P60 derived from P. fluorescens P60 produced IAA. Raw secondary metabolites of Trichoderma sp. (Reino et al. 2008; Vinale et al. 2008) and P. fluorescens (Heydari & Pessarakli, 2010; Soesanto et al., 2013b) may have an important role in both plant growth hormones and activation of plant defense responses. 
Number of leaves
The interaction of application time and the raw secondary metabolites (Bio P60 and Bio T10) was significantly different in the number of pakcoy leaves ( Table 5 ). The interaction either alone or in combination could increase the number of leaves between 24.39% and 35.07% compared to control. Increasing the number of leaves was presumably affected by decreasing the disease intensity (Table 2) and improving crop height (Table 3 and 4). Suppression of the plant pathogen could influence healthy plants and increasing growth components such as number of leaves. Application of raw secondary metabolites could increase growth components because of the growth regulator contained. P. fluorescens could produce growth hormones such as IAA so known as PGPR (Dorjey et al., 2017) . T. harzianum was known as PGPF as well because of hormone content (Reino et al., 2008) .
Crop fresh weight
Application of the treatments either alone or in combination, influenced pakcoy fresh weight compared to control but there was no differences among the treatments ( Table 5 ). The treatments could increase crop fresh weight in between 62.87% from Bio T10 after inoculation and 71.17% from Bio P60 + Bio T10 after inoculation. The application time of the fungal inoculation did not differ significantly in crop fresh weight. This is in line with crop height and number of leaves. Bio P60 and Bio T10 could be applied before or after plant pathogens attack. The raw secondary metabolites containing Bio P60 and Bio T10 has an important role as a plant regulator because of growth hormones (Reino et al. 2008; Dorjey et al., 2017) .
CONCLUSION
Single and combined application of Bio T10 and Bio P60 did not differ in the suppression of stem-end rot in pakcoy. The combination of Bio T10 + Bio P60 was able to suppress the disease by delaying the incubation period and containing the disease intensity respectively by 37.48-39.16% and 54.77-6191% compared to controls. Combined Bio T10 + Bio P60 is able to increase growth and yield components (plant height, number of leaves, and fresh weight of plants) by increasing crop height, number of leaves, and fresh weight of plants as 29.99-46.62, 24.39-35 .07, and 71,17%, respectively, compared to controls. Recommendations from the results of this study are the raw secondary metabolites of Bio P60 and Bio T10 either alone or in combination can be applied for the prevention or treatment of the diseases in pakcoy.
